Receptor-interacting proteins are a family of serine/threonine kinases, which integrate 40 extra and intracellular stress signals caused by different factors, including infections, 41 inflammation and DNA damage. Receptor-interacting serine/threonine-protein kinase 2 (RIP-42 2) is a member of this family and an important component of the nuclear factor NF-kappa-B 43 signaling pathway. The corresponding human gene RIPK2 generates two transcripts by 44 alternative splicing, the full-length and a short transcript. The short transcript has a truncated 45 5' sequence, which results in a predicted isoform with a partial kinase domain but able to 46 transduce signals through its caspase recruitment domain. In this study, the expression of 47 RIPK2 was investigated in human tissue samples and, in order to determine if both transcripts 48 are similarly regulated at the transcriptional level, cancer cell lines were submitted to 49 temperature and acid stresses. We observed that both transcripts are expressed in all tissues 50 analyzed, with higher expression of the short one in tumor samples, and they are differentially 51 regulated following temperature stress. Despite transcription, no corresponding protein for the 52 short transcript was detected in tissues and cell lines analyzed. We propose that the shorter 53 transcript is a noncoding RNA and that its presence in the cell may play regulatory roles and 54 affect inflammation and other biological processes related to the kinase activity of RIP-2. Villagra et al 3 3 56 Introduction 57
protein levels were analyzed in another set of 19 matched tumor/resection margin of oral and 139 laryngeal SCC. 140 For the stress experiments, we used the human cell lines FaDu (HTB-43, derived from 141 SCC of the hypopharynx), and SiHa (HTB-35, derived from cervix SCC). The cell lines were 142 cultured in Minimum Essential Medium (MEM, 552, Cultilab) , supplemented with 10% fetal 143 bovine serum (FBS, 63, Cultilab) , 10 mM non-essential amino acids (M7145, Sigma), 2 mM 144 L-glutamine (687, Cultilab), 1 mM sodium pyruvate (P5280, Sigma), 1.5 g/L sodium 145 bicarbonate (S5761, Sigma), penicillin (100 units/mL) and streptomycin (90 μg/mL) (1012, 146 Cultilab), in a humidified atmosphere with 5% CO 2 at 37°C. The study protocol was approved 147 by the National Committee of Ethics in Research (CONEP 1763/05, 18/05/2005, and CONEP 148 128/12, 02/03/2012) and informed consent was obtained from all patients enrolled. Temperature and acid stresses 151 Prior to stress experiments, cell lines were grown to 80-90% confluence and cell cycle 152 synchronized in serum-free medium for 24 h. For temperature stress, cells were maintained in 153 medium plus 10% FBS at 40°C, 17°C or 5°C for 3 h (eight replicates for each condition). Six 154 control replicas were also cultured in medium plus 10% FBS at 37°C for 3 h. Acidic shock 155 was performed by maintaining the cultures (four replicas) in an atmosphere with elevated CO 2 156 (10% CO 2 ) for 24 h or 72 h. Four control replicas were cultured in a humidified atmosphere 157 with 5% CO 2 at 37°C for the same time period. After the incubation period, cells were 158 immediately lysed by adding TRIzol (15596026, ThermoFisher) , and stored at -80°C until 159 RNA extraction. 
Detection of RIPK2 transcripts by polymerase chain reaction 170
The PCR amplification of RIPK2 transcripts was performed using the oligonucleotides 171 5'-CGCCTCTGGCACTGTGTCGT-3' (forward primer A) and 5'-172 CGTGACTGTGAGAGGGACAT-3' (reverse primer B). The PCR reaction was carried out in The PCR conditions were 50°C for 2 min, 95°C for 10 min, followed by 40 cycles of 95°C for 205 15 s, 58°C for 10 s, 60°C for 1 min. Following PCR, dissociation curve analyses were 206 performed to confirm the single gene product. Adequate internal control reference genes were 207 selected using the geNorm algorithm [27] and TUBA1C (stress assays) and ACTB 208 (tumor/margin samples) were selected. The relative expression ratio (fold-change) of the 209 target genes was calculated according to Pfaffl [28] . Statistical analysis was carried out by a 
Results

269
Identification and expression patterns of RIPK2 transcripts 270 Alternatively spliced transcripts 1 and 2 of RIPK2 were co-expressed in normal tissue 271 samples from brain, testis, heart, lung, stomach, kidney, larynx, liver and tongue (Fig 2A) .
272
Both transcripts were also detected in tumor and tumor free surgical resection samples from 273 patients with oral SCC as illustrated by 5 matched tumor/surgical margin samples in Fig 2B. 
274
Quantitative real time PCR showed no difference in expression between full length transcript 275 1 and their respective surgical margins, whereas a significant higher level of shorter transcript 276 2 was observed (p=0.03) (as illustrated by 11 paired samples in Fig 2C) . higher temperature (p<0.0001, unpaired t test), but no effect on transcript 1 expression.
290
TUBA1C was used as the expression reference. Values were log2 transformed (y-axis) so that To investigate whether alternative splicing of RIPK2 is induced or inhibited by stress 297 conditions, two cell lines (FaDu and SiHa) were exposed to severe temperature stress (40°C, 298 17°C and 5°C), and acid stress (atmosphere of 10% CO 2 ). Acid stress resulted in no effect on 299 the expression of both transcripts (data not shown), whereas heat/cold stress induced a 300 significant increase in shorter transcript 2 expression level at lower temperatures and a 301 decrease at a higher temperature (p<0.0001), but no effect on full-length transcript 1 302 expression. This result was only observed in FaDu cells and suggests that distinct regulatory 303 mechanisms may interfere in the alternative splicing of RIPK2 and that this may be tissue or 304 context dependent. serines at positions 8, 25, 29, 33, 58, 76, 102 , and threonines at positions 12, 31, 95. The study 316 of Dorsch's group [32] suggested that serine S176 is an important autophosphorylation site for 317 RIP-2, and this phosphorylation can be used to monitor the activation state of RIP-2. Fig 3   318 shows the superposition of the two models, as well as the localization of serine S176, which 319 seems to be conveniently accessible to the solvent and to phosphorylation. The lysine K47 in blot demonstrated a single immunoreactive band at ~61 kDa, consistent with the molecular 340 weight of the isoform 1 (61, 195 Da) . When cells were exposed to heat/cold stress, a lower 341 expression of the RIP-2 isoform 1 was observed in FaDu cells maintained at low temperatures 342 compared with control cells at 37C (Fig 4A) . 343 Isoform 3 (predicted molecular weight of 45,582 Da) was not detected both in cell 344 lines and normal or neoplastic tissue samples (Fig 4A, 4B) , even after mass spectrometry 345 analysis of Western blot band corresponding to the region around 45 kDa (data not shown).
346
The result indicates that, despite the detection of transcripts 1 and 2 and the proteins predicted 347 in silico for the isoforms, alternatively spliced transcript 2 does not seem to be translated into 348 protein in normal human tissues, cancer samples or cell lines analyzed. In the present study, RIPK2 transcripts 1 and 2 were co-expressed in normal tissue 360 samples from brain, testis, heart, lung, stomach, kidney, larynx, liver and tongue. Our stress 361 experiments showed that one of the transcripts (transcript 2) is up-regulated at low temperatures compared with the control group (at 37°C), whereas the opposite occurs at 40°C. 363 We tested two distinct SCC-derived cell lines, but this effect was seen only in FaDu cell line.
364
This finding may be tissue/context dependent. In fact, literature has already referred that a 365 mild hypothermic condition appears to induce or to inhibit synthesis of specific proteins when 366 compared with control cells, an effect that is cell line dependent (reviewed by [33] . It's well 367 known that both prokaryotic and eukaryotic organisms respond to cold stress reducing 368 transcription, translation, and metabolic processes, except in the case of cold-shock proteins Considering these data, we hypothesize that, under stress conditions, a putative 384 mechanism may induce higher or lower expression of the exon 2-containing transcript of 385 RIPK2. Since the presumed isoform 3 has a truncated kinase domain but is potentially able to 386 mediate NFKB activation via CARD, the balance of isoforms 1 and 3 might affect signaling 387 pathways related to its kinase activity. For instance, hyperthermia may increase the alternative 388 splicing kinetics or alter transcript stability and affect ERK pathways. A dominant-negative 389 mechanism by the truncated isoform should not be excluded [41] . DNA-damaging or altered 390 expression/subcellular distribution of RNA processing regulators [42] caused by temperature 391 changes may also be responsible for the abnormal accumulation of alternatively spliced 392 transcripts. These hypotheses obviously require experimental confirmation.
393
In the present study, RIPK2 transcripts also showed a different expression pattern in analyzed 32 cancer types, including head and neck cancers, using RNA and whole-exome 402 sequencing data and observed many differences in alternative splicing events in cancer 403 compared with normal cells [45] . Specifically in regard to head and neck cancer, several other 404 groups have described genes with differential expression of spliced variants [46] [47] [48] [49] [50] ; among 405 others). However, as far as we know, this is the first report showing differential expression of 406 spliced transcripts of RIPK2 gene between tumor and normal tissues.
407
At the protein level, decreased expression of the RIP-2 isoform 1 (immunoreactive band 408 at ~61 kDa) was detected at low temperatures, disagreeing with our findings for full-length transcript 1, which showed no change at the same condition compared to the control. A 410 divergent pattern was also observed for transcript 1 and the corresponding isoform 1 in 411 neoplastic tissues, the former showing higher and the second lower levels in tumor samples 412 compared with resection margins. This apparent discordance can be explained by the fact that 413 protein abundance may differ from mRNA expression profile, mainly due to post-414 transcriptional control of gene expression or protein half-lives [51, 52] . In addition, confirming 415 our results from immunodetection assays, Wang and collaborators [12] also found reduced 416 levels of RIP-2 in oral SCCs using immunohistochemical techniques.
417
In spite of using three distinct antibodies, another divergent result between RNA and 418 protein expression was the absence of isoform 3, which suggests that translation of RIPK2 into 419 isoform 3 may not happen, at least in cell and tissue types analyzed in this study.
420
If the predicted alternative isoform 3 of RIP-2 is present in other conditions and tissue, 421 then it should exhibit some impaired functions related to its kinase domain, including NFKB 422 activation [5] [15, 17, 53] , regulation of ERKs, p38 kinases, and own degradation [5, 17, 37, 54] . at the second site compared to the first one is low (< 0.005), which may justify the absence of 442 isoform 3.
443
As RIP kinases play a critical role in integrating stress signals, the elucidation of the 444 factors that take part in the regulation of these proteins is of major importance. The alternative 445 transcripts and protein isoforms may be tissue and context dependent and related to important 446 disease responses [41] .
447
Although the RIPK2 transcript 2 has a coding potential, at present there is no direct 448 evidence that it is translated in the isoform 3 or that it regulates biological processes, by 449 competing with other molecules or modulating stress responses. Even without clarifying these 450 issues, the present study raises many questions about RNA biology that may stimulate further In conclusion, RIPK2 transcripts 1 and 2 are expressed in different tissues and 456 modulated by temperature, as determined by quantitative PCR assays. As far as we know, this 457 is the first report showing splicing imbalances between tumor and normal samples of RIPK2 458 gene, an important immune and inflammatory modulator. Despite transcription, no 459 corresponding protein for the short isoform was detected in tissues and cell lines analyzed, 460 which suggests that the balance of both transcripts may play regulatory roles and affect 461 inflammation and other biological processes related to the activity of RIP-2. 
